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(57) Abstract 

The present invention comprises method and apparatus for the 
quantitative dctcmiination of particles in fluid. Apparatus of tiie 
invention comprises an emitter set of one or more light emitters, 
in combination with a detector set of one or more light detectors 
sensitive to the output of the emitters; during analysis of the sample, 
data from a plurality of signal paths between the emitter and detector 
sets are gathered. This infonnarion is subsequently evaluated by 
comparison with known data for different fluid particle contents. Some 
differentiation between different particles in a fluid sample are possible 
in many embodiments. Typical uses include analysis of milk and dairy 
fluids, blood samples, lutrricants. suspensions of pigments, etc. 
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METHOD AND APPAFL^TUS FOR QUANTTTATnTE PARTICLE DETERMINATION 
IN n^UIDS 

TFrHNICAl. FIELT) 

The present inveniion is directed to a method and apparatus for the. quaniiiaiivc 
5 determination of particles in fluids. The preferred embodiments will find use for 
quantitative analysis of fat in milk and other dairy fluids. 

Rackcround art 

The present inveniion is directed to the field of quantitative determination of particles jn 
fluids. The term panicle shall be used in its broadest sense and shall typically not only be 
10 restricted to mean pieces of solid matter in another phase, but also include the situation of 
small volumes of liquid in another liquid phase - an example would be micelles or small 
globules dispersed in a bulk liquid phase such as in an emulsion, or fat globules in a 
liquid such as milk. 

In addition, the term 'fluid' shall also be taken to include the gaseous phase though it is 
15 envisaged that most embodiments will be used in applications where the fluid is a liquid. 

Most apparatus which is currently used for the quantitative determination of particles in a 
fluid arc relatively complex in nature. Their degree of complexity is at least panially a 
cause for several disadvantages: 

they are relatively exjjcnsive; 
20 - they arc often relatively delicate and generally unsuitable for use in the field or ir. 

normal manufacturing and processing environments; 

they arc generally specific in purpose and often cannot be readily adapted I'o: 
other applications; 

they arc often unable to be used for monitoring an in-line sample arTangemen( - 
25 most embodiments require samples to be removed from the production line and 

placed in the apparatus for analysis. 

Much of the an relies on spectroscopic techniques for quantitative determination o\ 
panicle presence in a fluid. Most of these techniques are based on infrared spectroscop\ 
and are only useful in many cases for detecting and quantitatively determining organic or 
30 organomelallic panicles in the fluid. An example is the subject matter of NZ Patent Nc 
192325 which describes a method of quantitative measurement of fat in a sample b\ 
using an infrared absorption technique and evaluating the infrared absorption 
characteristic of saturated carbon-hydrogen bond stretching- However this and 
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corresponding methods are generally specific to the quantitative analysis of paxiicular 
caiegorics of compounds and could be influenced by the presence of substances other 
than those of interest which are also present in the sample. 

International Patent Appln No. WO 92/17767 is directed to a similar method of 
5 quantitative fat determination in an emulsion and also lakes into account infrared 
absorption peaks due to other (than C-H bond excitation) as well. While this technique 
would also appear to improve selectivity (and thus have the potential to eliminate 
interference from other substances present in the sample) it also claimed that more 
accurate determinations can be carried out directly from full milk, without a preceding 
10 homogcnisaiion treatment. However the invention described in this specification also 
possesses many of the general disadvantages described above. 

French Patent No. FR 2050525 describes a method where an infrared beam .s reflected 
off parallel transparent walls bounded on the outside by the sample fluid. Here only part 
of the beam will be reflected (and some absorbed or transmitted through the sample 
15 liquid) to be measured as it exits the chamber. The intensity of the reflected beams 
reflects particle content, supposedly. However this method will have limitations in the 
number and type of different fluids with which it may be used. 

Russian Patents Nos. 5U 983538 and SU 1748058 are also directed to methods of 
particle determination in fluids though rely upon the use of expensive or complex 
20 equipment; one of which prefers the use of a maser which is not an off-the-shelf item in 
most countries. 

In general the bulk of the prior art docs not allow for the continuous or in-line monitoring 
of sample fluid and are generally and relatively inflexible in how they may be used or 
applied. 

25 It is an object of the present invention to address the foregoing problems or at least to 
provide the public with a useful choice. 

Further aspects and advantages of the present invention will become apparent from the 
ensuing description which is given by way of example only . 
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According lo one aspect of ihc present invention there is provided apparatus for 
quantitative panicle determinalion in fluids, said apparatus comprising: 

an emitier set comprising one or more light emitters in turn providing one or more 

5 sample light signals; 

a detector set comprising one or more light detectors sensitive to the output of the 

light emitters. 

the arrangement being characterised such that the sample light signals from a 
plurality of sample light signal paths between the emitter and detector sets are 
J Q received by the detector set during analysis of a sample; 

the detector providing output values which can be evaluated by processing means 
for providing a value indicative of the fluid panicle content. 

According to another aspect of the present invention there is provided apparatus, 
substantially as described above, in which the detector set is an-anged to detect at least 
1 5 one set of scattered or reflected light signals due to reflectance by panicles present within 
the fluid. 

According to another aspect of the present invention there is provided apparatus, 
substantially as described above, which includes optical feedback means comprising a 
feedback detector whose output provides for at least one of: 
20 - influencing either or both the voltage and current of at least one light emitter to 
maintain light output at a predetermined level; 

influencing the scnsiuvity of at least one light detector to match the light output of 
at least one light emitter, and 

providing a signal available to processing means for use in correction when 
25 providing a value indicative of particle content. 

According to another aspect of the present invention there is provided apparatus, 
substantially as described above, in which said sample light signal paths differ from each 

other by at least one of: 

their path length through the fluid sample being analysed, and 
30 - their relative path angle through the fluid sample being analysed. 

According to another aspect of the present invention there is provided apparatus, 
substantially as described above, comprising an emitter set comprising a plurality of light 
emitters at different positions along the wall or walls of a sample cell, or positioned to be 
present along the wall or walls of an inserted sample cell; the output of said emitters 
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directed to provide a plurality of substantially direct signal paths to one or more hghi 
detectors of the detector set. 

According to another aspect of the present invention there is provided apparatus, 
substantially as described above, comprising a plurality of pulsed light emitters, and in 
5 which the detector set. or an individual detector of the detector set. detects substantially 
the output of a single light emitter, or combination thereof, at a time during analysis of a 
sample; the pulsing of said light emitters being synchronised to allow the detection of the 
output of individual light emitters, or groups thereof. 

According to another aspect of the present invention there is provided apparatus. 
10 substantially as described above, which includes processing means which compares 
values produced by the detector set with stored calibration reference values, the 
comparison producing values indicative of the presence of one or more different types of 
panicles within a sample fluid. 

According to a further aspect of the present invention there is provided a method for the 
15 quantitative determination of the levels of one or more different particles in a fluid 
comprising transmitting one or more light signals into a fluid sample, detecting the 
sample light signals from a plurality of sample light signal paths, and making the detected 
output available for subsequent cvaluauoh by processing means. 

According to another aspect of the present invention there is provided a method, 
substantially as described above, in which the detected light signals differ by at least one 

of the following: 

their path length through the fluid sample being analysed; 
their relative path angle through the fluid sample being analysed; 
the output intensity of the emitter producing said signal; 
25 - the proportion of transmitted to reflected or scattered light, and 

wavelength. 

According to another aspect of the present invention there is provided a method, 
substantially as described above, in which the detected output is compared by either or 
both or linear regression, and Fourier transform analysis, with stored calibration 
30 reference values to produce values indicative of the quantitative levels of one or more 
different types of panicles within said fluid. 



20 



4 



WO%/31764 PCT/SE9MMM24 

According lo another aspect of the present invention there is provided a method, 
substantially as described above, for the determination of panicle levels for at least one 

of: 

milk and other dairy based fluids; 
5 . substances containing fluidised fat panicles, globules, and suspensions; 
blood, plasma, semen, urine and other biological fluids; 
oils and lubricants, and 
inks, paints, and liquid pigments. 

According to another aspect of the present invention there is provided a method, 
10 substantially as described above, when applied to milk and other dairy based fluids, the 
method being used to indicate the levels of at least one of: fat, protein, lactose, and 
somatic cell count. 

The present invention may be generally characterised by obtaining and comparing values 
for a plurality of light signal paths through a fluid. The considered signal will differ in a 
15 number of physical characteristics rather than comprising repetitions of a signal through 
the same path. This does not, however, preclude obtaining multiples of data from a 
signal along the same path - only that this should not be the only path considered for 
analysis. 

The manner by which the signal paths differ can vary. For instance, paths may differ in 
20 the following manners: 

their path length through the fluid sample being analysed; 

their relative path angle through the fluid sample being analysed, 

whether the emitted light beam is directly incident upon the detector. 

Earlier embodiments preferred sample analysis by obtaining substantially different values 
25 for both reflected and transmitted light through a sample. However, multiple signal paths 
through a sample and which arc incident upon a detector will also give rise to a 
component of scattered and reflected light, due to panicle presence in the sample, which 
will also be normally observed by the detector. Accordingly the separate acquisition of 
transmitted and reflected data for subsequent combination and evaluation can be 
30 substituted in many embodiments by merely obtaining detection values for a range of 
different transmitted signal paths. For many fluids it is perhaps preferable that these 
paths have different relative angles, as this will often cause the various signal paths 
(when reaching the detector) to comprise different proponions of transmitted to 
reflected/scattered light.' 

35 
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It is envisaged that while preferred cmbodimcnis of the present invention shall be directed 
to the determination of fat in milk and other fluids, the present invention may also be 
applied for the determination of panicles in fluids such as emulsions and suspensions, 
inks, blood, as well as hydraulic, machinery and other types of oils etc. 

5 It has been found from trials that ihc same apparatus may be used to determine, or at least 
provide a reasonable approximation of, the levels of different particles in a fluid. This 
appears to depend upon the fact that different types of particles exhibit different degrees 
of absorption and reflectance (often as well as different angles of reflccianceyscattering). 
The signals collected from a detector set will be a function of the combination of each 

10 constituent's reflectance and absorption characteristics. By comparison with reference 
values, the contribution of each constituent particle type can be determined and by further 
mathematical analysis, a quantitative value obtained. For example, for a fluid such as 
milk, reasonable indications of the levels of lactose, fat. protein, as well as the somatic 
cell count, can be obtained as well as total particle presence. 

1 5 As most practical embodiments of the present invention arc relatively simple and may be 
constructed to be relatively nigged in design, perhaps on a single board or module, 
various embodiments of the present invention may find use in the continual monitoring of 
mUk and other fluids. The continuous or periodic monitoring of lubrication fluids in situ 
is one example of the practical use of certain embodiments of the present invenuon. Here 
20 embodiments of the present invention may be used to sound an alarm or shut down 
machineiy if the presence of particles exceeds a predetcnnincd value. Use in engines in 
the automotive and aviation field is an example of one specific use. Use for blood, 
plasma, semen, urine and biological fluid analysis are some other applications. Use with 
inks, paints and pigments arc some others. In practice the invention can be applied to 
25 virtually any fluid in which there are present particles able to interact with a light signal. 
This may be at low levels, suggesting uses in quality control applications such as 
purification equipment, monitoring the clarity of fluids such as water, as well as fluid 
feed lines in industrial plant, and so on. 

Most embodiments of the present invention will operate in the infrared region though 
30 other regions of the electromagnetic spectrum may also be relied upon. Preferred 
embodiments operate in cither or both of the 750-1200 nm and 3000-10000 nm 
wavelength regions (both in the infrared region). Inexpensive emitters, such as light 
emitting diodes (LED's), arc readily available for the infrared and visible regions. Other 
types of light emitters may also be relied upon. 
35 SimUarlv relatively inexpensive light responsive detectors whose light output is 
dependent upon the incident light are also available. Many of these are also relatively 
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sensitive to within the infrared region and the proliferation of infrared remote control 
units has ensured that matched diodes and detectors are readily, and inexpensively, 
available. However it is noted that various types of light sensitive detectors may be used 
in various embodiments of the present invention. These may. for instance, comprise 
5 photo diodes, light emitting diodes (LEDs), photo transistors, and other opio-electonric 
devices. In some cases the use of more sophisticated or sensitive detectors may be 
justified though for many applications relatively inexpensive devices may suffice. 

It has been previously mentioned that the method of operation of the present invention 
involves a comparative analysis based on obtained values for a sample which includes 

10 some information on light transmittancc and reflectance by the sample. As also 
previously mentioned, this information need not be gathered separately but may be 
included in a single reading from a detector, though preferably there should be a number 
of different signal paths to ensure a reasonable degree of accuracy. These factors will 
have a bearing on the number and manner by which the emitters and detectors used in an 

1 5 embodiment of the present invention are arranged. A number of possibilities exist and 
will now be discussed by way of example. 

Typically, a working embodiment of the present invention will comprise at least one 
emitter set and one detector set For simplicity of description, reference shall be made, 
unless otherwise stated, to a single emitter set and a single detector set. 

20 Each emitter set may comprise one or more light emitters. Similarly, the detector set may 
comprise one or more light detectors. The emitter set and detector set shall be generally 
arranged so that both transmitted and reflected light values may be obtained, though not 
necessarily concurrcnUy. Several examples, in which transminance and refiectance data 
can be obtained separately for subsequent processing/evaluation follow: 

25 One particular arrangement would be to have a single light detector, or an array of several 
light detectors which function more or less as a single light detector. In combination with 
the single light detector would be at least two light emitters. At least one of these light 
emitters could be arranged so that its sample light signal would be received as a 
transmitted light signal by the light detector i.e. the sample light signal would travel 

30 directly through the sample fluid to the detector. At least one other light emitter would be 
arranged so that a reflected signal was received by the light detector. If we consider of 
the simple example of the sample fluid contained in a cell between two windows, at least 
one of the emitters will be on the same side of the sample cell as the light detector (though 
typically displaced by a distance along the cell window therefrom), while the other light 

35 emitter would be positioned so that its signalled passed through the opposite cell 
window. Such a situation is illustrated in Figure I of the specification. 
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In another arrangement, there may be provided only a smcle light emitter and at least two 
light detectors. At least one of the light detectors will be positioned to- receive transmitted 
light from the light emitter while at least one other will be positioned to receive reflected 
light. Such an arrangement is illustrated in Figure 2. 

In other arr^ingemcnis. there may be a plurality of both light emitters and light detectors. 
Each detector (and also in the instance where the detector set comprises a single light 
detector) may receive light from a plurality of light emitters. This may comprise a 
plurality of reflected signals from different light emitters. This may also comprise a 
plurality of transmitted signals from different light emitters. The arrangement may also 
comprise one or more each of transmitted light signals and reflected light signals per 
detector. 

It is envisaged that for the arrangement of the preceding paragraph, not all light sigdals 
for a particular light detector shall be received concurrently. In most instances it is 
envisaged that the signals will be sequenced from the different emitters with which a 
1 5 particular light detector will interact. Concurrent sequences between different detector 
and emitter pairs/sets may take place in some embodiments. 

It is possible that different light detectors may also react to the signals from a single light 
emitter in operation - for these light detectors the path lengths may be different (for 
transmitted signals) or at different angles for reflected signals. As can be appreciated 
20 other arrangements of emitters and detectors may also be set up. 

In other embodiments where purzly reflected readings are not taken, the detector and 
emitter sets will be arranged to allow a plurality of readings of signals from different 
paths to be obtained. This may allow the use of a number of emitter and detector 
combinations, including at least some of those combinations mentioned above and 
25 below. However the arrangement in such embodiments will typically be such that most, 
is not all, of the detectors will receive a transmitted signal, though a portion of light 

falling upon the detector being due to scattering/reflectance by particles within the fluid. 

Reflectance and scattering will also contribute to absorbance. so that in practice a plurality 

of signal paths differing in length and/or relative angle has been found sufflcient to allow 
30 quantitative particle evaluation. In practice from 3-5 different path lengths has been 

found a satisfactory compromise between excessive complexity and accuracy. 

Depending on the sample and other parameters, from 2 paths upwards may be relied 

upon. 

Altering the intensity along each path, to obtain readings for different intensities, can also 
35 be incorporated into various embodiments. This increases the different types of data 



8 



<;UBSTTTUTE SHEET (RULE 26) 



wo 96/31764 



PCT/Si:S*«>AlU424 



10 



collected m sample analysis, and can mcreasu accuracy or cenamiy m some instances e.g. 
for some types of fluids, and for some types of parncles. 

AS can be appreciated there are a number of various possible arranccmcnis of cmiiier.s 
and detectors to provide the plurality of different types of data (e.g. resulimg from 
different signal and path charactcri.<;tics) preferred for accurate sample analysis. Other 
arrangemenis than thus far specifically mentioned may be set up to cover one or more of 
the following situations: 

where a plurality of emitters concurrently work and act in conjunction w.ih a 
plurality of light detectors on a one to one basis, and where each signal path is 
substantially identical in characteristics so that a range of supposedly identical 
readings arc simultaneously obtained for averaging or other comparison; 

the situation where a single emitter acts with several detectors concurrently on a 
one to many basis, and where the physical signal path characteristics (e.g. path 
lengths, angles etc.) are substantially identical so that the values obtained may be 
15 averaged or otherwise compared; 

the situation of the preceding paragraph wherein the characteristics of the signal 
paths from the emitter to each detector differs so that a range of different signal 
path values may be obtained for subsequent evaluation; 

where a single light detector may concurrently receive light from a plurality of 
light emitters, ihe signal path from each light emitter to the single light detector 
being substantially identical so the values may be averaged or otherwise 
compared; 

the situation of the preceding paragraph in which each emitter to detector signal 
path differs. 

It should also be envisaged that by sequencing, pulsing or otherwise providing non- 
continuous operation of the emitters and/or detectors, different combinations of emitters 
and detectors may be selected during a data gathering cycle. 

While in some embodiments, if there are sufficient light emitters and light detectors, the 
operation of the emitter and detector sets may be substantially continuous, it ,s envisaged 
30 that pulsed or non-continuous operation may commonly be used. This may provide a 
number of potentially realisable advantages. For instance, sequencing or synchronising 
the operation of different light emitters and light detectors can allow the data for a number 
of different signal path lengths to be obtained. The apparatus may cycle through 
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sequences of such data gaihcrinc steps lo obta.n an extended data set for subsequent 
companson and evaluation. This information may provide enhanced or more consistent 
values for the quantitative determination of particle presence especially if the sample is 
not homoeenous. or Oowing. As can be appreciated, different data gathering cycles need 
5 not be identical in their sequence, or number of data gathering steps for that cycle. 

Another potentially realisable advantage of non-continuous operation is in reducing the 
energy (over time) required by the light emitters. This may be a consideration in 
remotely installed units, or where there is a requirement for economy of power. 
Ahemaiivelv. many light emitting devices allow for higher than normal operating currents 
10 for short periods of time. This would allow for higher inicnsity bursts of sample light 
signal than would be possible if the light emitting device was operated continuously 
within its normal operating parameters. This may improve the operation of the apparatus, 
perhaps make it amenable to a higher range of sample types, and also perhaps improve 
economy by allowing the use of lower rated of components than if the apparatus was 
1 5 operated continuously. 

Various other modifications may be made to the apparatus. These modifications may in 
some instances improve accuracy, consistency, or the ability to analyse difficult samples. 
In some instances the modifications may just be an alternative to some of the foregoing 
arrangements. One modificauon is to modulate the intensity of a sample reference beam. 
20 m many ways this is analogous to obtaining readings at different path lengths (at the 
same angle) through the sample fluid and may be used as an approximation for such. 
The dau will not always be exactly equal to the results of different path lengths, though 
will still be able to provide information characteristic of a particular sample, or samples. 
In some embodiments information regarding the intensity will also be supplied, with the 
25 detector response, to data logging/comparison means so that any comparative analysis 
can correlate the results with the output of this sample beam emitter. 
Modification of the output intensity of the sample light emitter can also be used to 
autorange the output to match the characteristics of the detector. In such a situation the 
machine can adjust itself (though this may be performed manually) so that the detector is 
30 operating within its most efficient or accurate region. An alternative would be to adjust 
the output intensity so that the signals received by the detector are within a comparable 
range lo that of the output or calibration data already stored for the panicular sample type. 
Another type of operation is also possible. Rather than providing a fixed, known sample 
beam intensity, the intensity could be altered until the detector receives a panicular signal 
35 strength The imeniitv of the outputted sample beam to achieve that intensity can be used 
for subsequent analysis. Such information may also be combined wi.h a sample data sc. 
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obtained using a consiani known inicnsiiy sample beam. The gathering, comparison and 
analysis of data collected, for a panicular sample, by different measuring techniques can 
be useful in increasing the accuracy, or consistency of the apparatus. This may be useful 
where different types of sample, or a large variation of sample characteristics, are 
5 encountered by the apparatus of the present invention. 

While the intensity of the sample beam could be gathered at the source, it is envisaged 
that some other characteristics of the light emitting device will be measured instead. For 
insiancc, for a device such as an LED. the current passing through the device may be 
used as an indication of intensity. Calibration of a particular light emitting device to 

10 correlate its output intensity with current drawn (or some other characteristic (such as 
voltage etc.)) is a possibility. However where sample results are matched with 
calibration data, the exact output intensity need not be known as results are not obtained 
by absolute values but by comparing the results with stored data taken through calibration 
runs under similar conditions. This will often depend upon the particular embodiment of 

15 the apparatus and whether recorded or calibration data is relied upon. In most cases 
however, it is desirable that the characteristics of the light emitting device, and also other 
components of the apparatus, are relatively consistent, and resistant to drift - at least 
during the period of any trial, or between calibration runs. This can be a problem in 
some applications of the invention and may be addressed by optical feedback means, 

20 which will be discussed further below. 

Another technique which may be employed is to alter the direction of the emitted sample 
beam. It is envisaged that this technique is more likely to be used where an emitted beam 
is a substantially narrow beam, rather than a broad beam which can be monitored from a 
number of different positions anyway. Altering the angle of the beam is another method 

25 of performing modulation. For a panicular fixed detector, altering the angle of the 
sample beam will have the effect of providing a different measured intensity which is 
dependent not only upon incident light (depending on the positioning of the detector) but 
also upon delecting different amounts of backscatter, reflection and absorption by the 
sample fluid. This provides a different type of information to merely modulating the 

30 sample beam intensity, and could be useful in a number of ways. 

This information can again be matched with calibration or recorded data. It may also 
provide information on the nature of the particle content (e.g the reflectance, size, surface 
irregularity etc. of particles will all have a bearing on reflectance and backscatter) which 
may be able to provide additional information to the user. If the different forms of 
35 modulation and measuring outlined within this invention arc also used, a more complete 
set of information for the sample can be obtained which may be useful in more accurately 
identifying not only the concenu-aiion or particle content, but also other characteristics of 

1 1 
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the sample. Measurement of different components within a sample, or the ratios of these 
components, may also be a possibility. 

Physical features may al.so be provided to alter a sample beam characienstic. This may 
include the use of reflectors and lenses which interact with a sample beam. These may 
onlv interact wUh a portion of the sample beam. The use of reflectors, lenses, beam 
.pliuers. and filters are envisaged. The use of filters which can be altered in their 
characteristics arc another means of modulating characienstics of the sample light source. 
The beam may then interact with the sample in different ways (the technique of altermg 
the frequency of the sample light source has previously been discussed). Use of each of 
these devices are yet another way of altering the characteristics of the sample light beam 
so that the response of the sample fluid (to different measuring techniques) can be 
obtained and subsequently evaluated. 

In some instances the light intensity output from an emitter may vary over time. This can 
affect the results of sample analysis, especially if other emitters, and detectors, do not 
drift identically. Even for LED's. a gradual lessening in output occurs over their life. 
The temperature of the fluid may affect the temperature of an emitter, detector, and other 
components leading to variations in rradings. though typically the greatest influence will 
be upon the output intensity of the emitter. Due to stability problems. LEDs have 
generally been avoided, in analytical devices of this kind, by the prior art. 
To address these problems use may be made of some form of feedback (referred to 
herein as 'optical feedback') to compensate for such drifts and variations. In a preferred 
embodiment an additional source detector is used to measure light intensity direcUy at the 
emitter source. Feedback from this detector then alters either or both of the input voltage 
or current to the emitter to ensure that its output intensity remains constant. 
An alternative is to use information from the source detector to vary the sensitivity of the 
detector(s) to match the output intensity of the souree. Another alternative is to use the 
feedback to provide further data to be taken into account during subsequent processing 
and evaluation of values/signals obtained by the detector. Combinations of these, and 
other techniques may be relied upon. 

The nature of the source detector may vary. It may be similar or different to other 
detectors used within the apparatus. Some advantage may be obtained by using as a 
source detector, an emitter identical to that being monitored. Many emitters are able to be 
connected in a manner allowing them to function as a detector. Advantage may be 
obtained as such a source detector will react fairly similarly to the emitter in response to 
35 physical characteristics such as temperature etc. Funher, an LED is often less expensive 
than a photo diode detector (used m many embodiments). 
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Physical modificaiions may also be made to isolate the scnsiiivc componcnis of ihc 
apparatus from physical innuences such as temperature. Mounting the componcnis in a 
mass of material exhibiting thermal inertia will help prevent rapid changes in temperature. 
Providing heal exchanging fins or features with the surrounding environment may help 
5 resist temperature changes due to the sample - providing the surrounding environment is 
relatively stable. Providing in-built temperature sensing to activate healing, or coolmg 
means (e.g. a Peltier effect device), may be used in some embodiments. The information 
from icmpcraiurc sensors could also be evaluated as part of sample analysis by ihe 
proccssing/cvaluaiion means. 

10 Thermally isolating the apparatus from the sample may be employed in some 
embodiments. Providing a physical air gap between the cell walls and apparatuses one 
method. Doubly insulated cells, perhaps evacuated between the walls, is a possibility 
though a double cell wall could introduce additional reflection and refraction. If this is 
constant, this influence may be eliminated by comparison with reference sample data 

1 5 collected with the same arrangement. 

Other techniques and methods may be employed in various embodiments. Many 
applications may not require a high degree of accuracy, or merely need to determine rapid 
or significant changes in a sample being monitored. In these applications a high specific 
degree of accuracy may not be required, and a simple embodiment of apparatus without 
20 optical or other feedback may be sufficient. 

The output response from the detector set will normally reflect panicle presence in a 
sample fluid. However, as has been mentioned, in some instances other components or 
physical characteristics of the sample fluid may also affect the sample light signals and 
therefore the response from the detectors. In instances such as these several other 
25 techniques may be relied upon to provide a final value from the apparatus which is more 
indicative of the true level of particle presence in the sample fluid. 

One technique which may be effective in certain situations is the use of a second, 
reference sample signal for comparison. In such cases the differences between the 
sample and reference are generally evaluated to provide the final output value of particle 
30 determination. Such techniques are well-known and will not be described in greater 
detail here. 

It should be noted that the above arrangement will not always be suitable for all 
applications. In some instances it may not be physically possible or practical to provide a 
duplicate set of cquiprncnt. In other instances where in-line flow monitoring occurs, the 
35 nature of the monitored sample fluid may be continually changing so that it is difficult to 
obtain a 'typical' reference sample. In other instances the lifetime of a reference sample 
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may be relatively short (e.g. a reaction intcrmcdiaic) and ihus it may not be practical u. 
rely on a reference sample. 

Another technique which may address some of the foregoing problems is lo rely on 
collected data for comparison. This collected data may be collected from a variety of 

5 reference and calibration standards. Where the nature of the sample fluid is expected to 
change, additional sensing devices may be provided to determine the chance in 
characteristics of the sample fluid (other than changes in panicle concentration and 
presence), so the apparatus may subsequently determine which data set of stored 
reference and calibration standards most closely matches the physical characteristics of 

10 the sample fluid evaluation. However it is envisaged that such arrangements are more 
likely to find use for difficult or extreme cases. 

It is envisaged that the present invention may be used for a wide range of fluids. Some 
typical fluids have been mentioned previously, and include substances such as blood, 
oils and lubricants, milk and other dairy products, fluidised gas/solid flows, inks, paints 

15 and pigments, etc. In some of these situations the fluids may be opaque to the chosen 
sample light signal and it may be necessary to rely on a sample light signal of a different 
wave length. In some instances it may be necessary to move outside of the infrared 
through visible light region of the cleciromagnetic spectnim. Other regions such as radio 
frequency, or the shoner microwave and X-ray bands may also be considered though the 

20 emitter and detector devices may be substantially more complex - this may negate some 
of the potentially realisable advantages of the present invention such as simplicity and 
lower cost. However, in some situauons. relying upon sample signals in other regions 
of the electromagnetic spectrum may be preferable, or superior, to other currently 
available techniques. 

25 It is also possible in some embodiments that there is an option to alter or vary the nature 
sample light signal - this includes frequency, intensity etc. This could be provided by 
additional sets of emitters which can be selected either automatically, or by user 
preference. The use of emitters whose output frequency can be varied, or which emit 
over a range or number of frequencies which can be selectively filtered, may also be 

30 provided. Emitter controlling devices which can alter the output of an emitter can also be 
relied upon. 

As a further enhancement in some embodiments of the present invention, use may be 
made of varying sample light frequencies for scanning/analysis of the sample fluid. 
While, for substances such as milk, reasonable results may be obtained with a single 
35 frequency sample light signal, scanning the sample at several different frequences may 
improve results in some instances. Where particles arc opaque, or at least panially so. to 
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the sample light signal then their interaction "with different sample light signal frequencies 
should theoretically be the same. Interference by other components in the sample fluid 
may, in contrast, have varying effects on different frequencies. By suitable analysis and 
comparison of the detector responses at different frequencies, a clearer picture can be 
5 obtained of the effect of just the presence of particles on the detector output. It is 
envisaged however that such modifications will not necessarily be used in all 
embodiments though for some sample fluids it may be desirable, or necessary, to 
incorporate such improvements. 

In most embodiments of the present invention the output responses of the detector set 
10 will be considered and evaluated lo produce a value indicative of the quantity of particles 
in the sample. This evaluation will generally be performed by some form of processing 
device, typically electronic. Such a device may be incorporated into the apparatus though 
the use of an external processing device such as a computer is another typical scenario. 

In most instances it will be necessary to convert the output from the light detectors to a 
15 form suitable for subsequent evaluation or processing. In many embodiments an analog 
to digital convener will be relied upon to provide the required conversion. It should be 
appreciated however that various other techniques are capable of converting the output of 
the detector set into a format with signals suitable for subsequent evaluation or 
determination by any processing means which may be employed. 

20 Subsequent evaluation of the data may be by a number of methods. Some trial and 
experimentation may be relied upon to determine the best method for obtaining values 
indicative of particle presence in the sample fluid. However, for case of use most 
embodiments will rely upon the comparison of received signals with collected or stored 
data. This data may be values which have been pre-programmed into any processing 

25 apparatus (for simplicity of description the term processing ponion* will be used to refer 
to a ponion or apparatus relied upon to produce a final result from the output of the 
detector set, or converted signals therefrom) so that the subsequent collection of 'initial 
set-up' data by the user may not be required. This stored data may comprise values 
typical for the type of sample fluids to be analysed though it is envisaged for most 

30 embodiments that there will be provided provision for routine calibration using reference 
samples to either check accuracy and/or adjust the apparatus. This information will often 
be stored and could be stored in EPROM, or software being run by the processing 
ponion. The use of software may be more flexible allowing for the updating of software 
to change the performance of the apparatus. 
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In a preferred option, reference is made to calibration data from reference standards 
which are stored in software. This information may be updated whenever a new 
calibration run has been done. 

In most embodiments predetermined functions that are best suited for the sample fluid in 
5 question arc relied upon to assist in eventual comparison and determination in panicle 
presence. In a preferred embodiment a linear regression type technique is relied upon 
and for milk a logarithmic based function is generally applied to produce a straight line 
relationship between particle presence and detector response. It should however be 
appreciated that different detector characteristics (which may not necessarily be linear or 
10 logarithmic) will have an influence on any function required to adapt a response to a 
straight line such as required for linear regression. 

Many mathematical techniques, and software, arc available which can automatically 
modify data to fit a straight line, or which can select a suitable equation for the line. Use 
of such existing techniques is envisaged, as is envisaged the use of Fourier transfonn 
15 techniques. It is not necessary that the data fits a straight line, only that some pattern 
emerges enabling newly acquired data to be compared with the existing data to provide a 
value indicative of the concentration or quantitative presence of particles within the 
sample fluid. 

In some instances the value delivered by the processing portion may be on an arbitrary 
20 scale, though it may also be modified to conform to an existing accepted scale, or even a 
user defined scale. Where the absolute percentage or concentration of panicles in a fluid 
is not required, such as in the case where the user merely needs to monitor that panicle 
presence in a sample fluid does not fall outside of predetermined limits, then an arbitrary 
or meaningless scale may be relied upon. In other instances the processing ponion may 
25 deliver a value forming to an accepted scale or user chosen units combination (e.g. 
g/liire). 

P BT^P nFSrRTPT lflN DRAWINGS 

Further aspects of the present invention will become apparent from the ensuing 
description which is given by way of example only and with reference to the 
30 accompanying drawings in which: 

Pipures I comprise side diagrammatic views of some embodiments of emitter and 

detector an-angements according to the present invention. 

Fipure 2 is a side diagrammatic view of a possible embodiment of the present 

invention; 
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Pigure 3 is a diagrammatic view of an cmbodimcni of a cell and possible 

wavelength allocation for an embodiment measuring ai different light 
frequencies; 

figure 4 is a schematic view of system components in an embodiment of the 

5 present invention; 

Pi pures 5-7 are some graphs of sample data from calibration and test trials, 
performed using an embodiment of the present invention; 

pi pure 6 is a plan diagrammatic view of the cmbodimcni of Figure 5. 

Fipm-e 7 is a side diagrammatic view of the embodiment of Figures 5 and 6. 

10 Figure 8 is an exploded perspective diagrammatic view of a thin-cell 

embodiment of the present invention; 

Figure 9 is a plan diagrammatic view of the embodiment of Figure 8; 

Figure 10 is an exploded perspective diagrammatic view of a through-flow 

embodiment of the present invention; 

15 Fifure 1 1 is a side cross-sectional diagrammatic view of the embodiment of 

Figure 10; 

Figure 12 is an enlarged view of the detecting ponion of the illustration of Figure 

11; 

Figure 1 3 is a top plan diagrammatic view of the ponion shown in Figure 12; 

20 Figure 14 is a side cross-sectional diagrammatic view of a test-tube accepting 

embodiment of the present invention, and 

Figure 15 is a plan diagrammatic view of the embodiment of Figure 14. 

RF^ MODES FOR TaRRYTNG OUT THE INVENTION 

According to one embodiment of the present invention there is provided apparatus 
25 (generally indicated by arrow 1) for quantitative particle determination in fluids, said 
apparatus comprising: 

an emitter set comprising one or more light emitters 2 providing one or more 

sample light signals (generally indicated by arrow 3,5); 

a detector set comprising one or more light detectors 4 sensitive to the light of the 

30 sample light signal(s) 3,5; 

the arrangement being characterised such that the sample light signals from a 
plurality of sample light signal paths 3. 5 between the emitter ( 1) and detector (4) 
sets are received by the detector set during analysis of a sample; 
the detector (4) providing output values which can be evaluated by processing 

35 means (6) for providing a value indicative of the fluid (7) panicle content. 
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Figure 1 illustrates one panicular arrangement which has been discussed previously. 
Here there are a plurality of light emitters 2. one of which provides a substantially 
transmitted signal 5 to a light detector 4. and one of which provides a substantially 
5 reflected signal 3 to said light detector 4. 

f-^iample lb 

Figure lb illustrates another arrangement, also previously discussed, which comprises a 
single emitter 2 whose output sample light signal 3. 5 is received by a plurality of 
detectors 4. at least one of which is positioned to intercept transmitted light signal 5. and 
10 at least one other is positioned to detect reflected Ught signal 3. 

The transmitted light signals need not be direct as illustrated in figure? 1 and 2. Ii is 
possible that the detector 4 could be off-set with respect to the emitter 2, one effect of 
which would be to increase the path length. It is also possible that several detectors 4 are 
provided with differing path lengths from the associated emitter 2. It is also possible that 
15 a plurality of emitters (of which only one at a time would operate) could be provided to 
allow for the different detectors to each receive successive signals (from each ermtter) 
having different transmission path lengths and/or angles. 

Typically the transmitted path length 5 is relatively small. In one embodiment for 
measuring milk and dairy samples, the distance across the ceU is approximately 0.5mm. 
20 However this may alter according to the characteristics of the sample fluid and the 
cmittei^ and detectors. In embodiments accepting a sample tube or phial. 
While it is generally preferred that the sample fluid is stationery, movement of fluid is 
tolerated in most embodiments. It is envisaged that fluid velocities of up to 0.5 m per 
second ms-' may be tolerated. Higher velocities may also be tolerated in some mstances. 
25 The main problem with fluid movemem is that the characteristics may alter over time if 
the nature of the fluid alters. For instance air pockets, concentration gradients, 
turbulence etc. may have an effect on readings. One possible solution is the use of 

pulsed or non-continuous readings so that each data collection set comprises a senes of 

snap shots which effectively freeze a moving fluid. For such embodiments relatively 
30 high fluid flow rates may be tolerated. Such strobe like techniques may also be used 

where chemical reactions are being monitored and where there are rapid or significant 

changes over a short period of lime. 
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Figure Ic illustrates a possible practical embodimcnl of the present invention. Here there 
is main fluid line 8 from which a continuous sample is drawn via a bypass conduit 9. 
Restrictions may be provided in the conduit to slow the rate of fluid flow, at least in the 
5 sample analysing portion 10 containing the emitter and detector sets. The output of the 
detectors 4 is transmitted to a A/D converter whose output is then received by the 
processing portion 6. 

With reference to Figures 2 through 4, light 15, 16 from different wavelengths (in the 
10 infrared range) and at different angles from a scries of eminers (1 1,12) is detected by an 
optoelectronic photo cell 13 after this light has travelled through the sample 14, or is 
reflected from the sample. The light is measured on the opposite side to measure 
primarily absorption, as well as from the same side of the photo cell to measure primarily 
reflection, of the sample. 

15 The signal from the photo detector 13 is amplified 20 and passed on to an A/D converter 
21. The signal is of a pulsed nature since the light sources arc triggered in sequence 
under microprocessor 22 control so that the microprocessor can work out from which 
light source the signal originates. The speed of sampling and triggering of the lights 
puts a limit on the speed of fluid travel through the ccU. The main bulk of the fluid can 

20 travel at speeds of up to 50cm/sccond or even more because the cell only grabs a small 
portion of the sample travelling at a much slower rate (for the arrangement of Figure Ic) 

The information that is now available to the microprocessor 22 is passed on to a host PC 
23 through a bus system (bidirectional). The PC receives the information and makes the 
necessary calculations and comparisons through a local database and sends the result 
25 back to the microprocessor 22. The microprocessor now presents this information on a 
display mounted on the tester. 

Fxamples 2 ^ D ATA HANDLING 

The data may be treated in a variety of manners. Some typical examples have been 
30 discussed generally in preceding sections of this specification. One particular example 
which may be implemented is as follows. 
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The method is based on measuring the scattered light intensity under different angles 1(9) 
in the infrared part of the spectrum around 750- 1 200nm wavelengths. Afterwards use is 
made of the multiple regression equation: 

FAT = L av I (60 + oq 

5 with the regression coeffjcients ax calculated preliminary we will get estimation for the 
FAT value. From Figure 5 it can be seen that the predicted values using the above the 
written regression equation compared to independently measured FAT values are in good 
agreement. In these preliminary measurements we used only one wavelength. Our 
calculations show that the error of 8% is observed over the FAT range (4, 8) and an error 

10 of 6% is observed in the range [4. 6.5]. This could be explained with the slight 
dependence of the scattered light intensity on FAT contents in region [6.5. 8) (see 
Figure 6) The usage of sets of different wavelength diodes will improve the accuracy of 
detecting the fat contents. The presence of more data for the different angles (especially 
angles near to 90* (eg. 70* and 110* though 90* ± 60' may be an acceptable range for 

1 5 many embodiments)) will make the accuracy of the estimation better. 

In use it is considered that most embodiments may be supplied with data characteristic of 
the fluid samples to be measured. However it is likely that caUbration runs will need to be 
performed before accurate determination runs can be performed. These calibration runs 
will typically be performed inidally. and roudnely thereafierwards to check the accuracy 
20 of readings against drift and changing parameters. Such calibration runs may not be 
performed by the end user but by service personnel at roudne inspecdons. 

A detailed descripdon of a particular embodiment trialed by the inventor now follows. 
This descripdon is by way of example only and is not intended to limit the scope of the 
invention. 

25 Fxample 2b - ^ali^^^^ri"" Procedure 

The principle of operation relies on a mathematical calculadon by a multiple regression 
method of stadsdcal data. It is therefore necessary to calibrate the cell against one or 
more known pilot fluids or known reference/test fluid. This fluid is usually a tested milk 
sample for milk analysis. Testing can of course also be done afterwards. 

30 Accuracy can be calculated by the software, though accuracy and reproducibility is 
largely determined by the stability of the chosen embodiment. For instance, a change in 
temperature may affect the reading and a gradual contamination on the surface of the 
glass walls of the cell may also affect the accuracy of the reading. 
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Weekly calibration is recommended and as an altemaiive method the report from the dairy 
factory on the bulk fat results may be used as a daily pilot check. This can calibrate 
individual machines to a certain extent in the overall system. Every day after each 
milking a bulk fat content is worked out by the software. 

5 f,;« ;a priple 2c , - Tncerpretatmn of the Data 

In the first lot of samples, only 50 samples were run through a measuring cell. 

In the graphs of the raw data fat/protein can be seen the seven groups of data together, 
these arc the outputs resulting from the scatter from the 7 LED's in the prototype. 

From the observations we can see that the readings are not equally spread over the whole 
1 0 range and that the readings are relatively high compared to average milk. The reason for 
this is that the samples were collected from factory supply farms in New Zealand, the late 
autunm period just before drying off the whole herd as well as that the popularity of the 
Jersey breed of cows. Milk fat readings as high as 9% or even more have been observed 
(not in this set of dau). 

1 5 There is a clear trend in each group with a downward slope to the right The slope in the 
data means that the correlation factor is relatively high and thus the likelihood of more 
accurate estimation can be expected. Contrary to this in some groups of data points there 
is a significant deviation from this general slope. This means that the information we get 
out of that light source under these circumstances contributes a little less to the predicted 

20 point than the data that foUows the general sloping trend. These points generally give us 
other information about solids in the milk than the fat alone. This is one of the reasons 
why I have used more than 1 light source for observation. 

After treatment of all data points with a multiple regression method we obtain the 
correlation factor and the intercept or the free factor in the summation of the formula to 
25 obtain the data points we want to calculate. 

The result of the predicted value can be obtained by multiplication of each individual 
reading (raw data) with its own regression coefficient factor and addition of the intercept. 
This result will closely match the measured fat readings, within the limits given by the 
relative error from other methods (chemical or calibrated infrared). 

30 The line plots of both fat and protein (see. for instance. Figure 7) indicate the good 
relationship between the predicted and the measured protein and fat readings. In this u-ial 
an overall relative accuracy of approximately 5% has been achieved. However, the 
conditions under which these readings were taken were less than ideal. The temperature 
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dependence (sec other results) was not taken into account. The readings were taken at 
approximately room tcmpcraiure (we never measured this temperature). 

Later work indicated that an increase in temperature to approximately 35'C resulted in 
much better correlation, with a relative accuracy better than 2%. 

5 According to our temperature observations the best results were obtained between 30-40* 
after heating our samples up for approximately 20 minutes in a thermostatically controlled 
water bath. Fortunately one would normally be dealing with milk straight from the cow 
which already has this body temperature, and the fat globules/panicles will be dissolved 
under optimum conditions, making measurements more accurate. 

10 We cauied out our observations in lots of 10 samples with approximately 5' intervals in 
temperature. Temperature dependence is obvious, but ideally we need to do more work 
in this area. From the test results you can sec that the error around 30* is only 1.29%. 
All these results were obtained without many suggested improvements in the physical 
make up of the test cell. It is clear to us that even better results can be obtained given 

1 5 some more time to fine tune this method. 

Figure 8 illustrates a further embodiment of the present invention. The apparatus 
comprises two body halves 30a and 30b which sandwich a cell (generally indicated by 
arrow 31) therebetween. The cell comprises a front 32 and rear 33 optical window with 
20 a teflon gasket 34 positioned therebetween. The gasket 34 spaces the windows 32, 33 
and defines the thickness of the sample cell. Apertures 35 in the front window 32 allow 
for the flow of milk or other sample fluids through inlet 36 and outlet 37 channels within 
the body 30b. 

Provided in the rear body half 30a arc a plurality of apertures 38 into which the output of 
25 light emitters (not shown) may be directed. For LED's 38a these may be positioned 
directly in the apertures 38. Also provided are some additional apertures 39 on the front 
body half which may be optionally used for additional emitters (e.g. 39a (again not 
shown in Figure 8)). In the context of Figures 1, these emitters will be primarily for 
eliciting a reflectance response from the apparatus. 

30 A detector 40 comprising a photo diode is positioned in front body half 30b substantially 
as shown. This is connected to an A/D convener or other processing means for 
evaluating the response. 

Figure 9 represents an alternative view of the embodiment of Figure 8. It is noted that 
the embodiment of Figures 8 and 9 could be readily modified to accept a sample phial 
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instead of relying upon the illustrated sample cell 31. This would typically mean 
providing a central aperture of cylindrical shape to accept the phial. Some modifications 
would need to be made to the body portions (30a. 30b) typically including offsetting the 
detector further back into body portion 30b. It may also be necessary to adjust the 
5 conduits 38 for the optical paths so as to converge substantially on the repositioned 
detector 40. However, this need not necessarily be accomplished as optical paths which 
do not converge on the detector 40 will still provide a signal which will be scattered and 
dispersed by particles within the fluid, providing a reading to the detector 40. In such 
instances it may not be necessary to provide the reflectance signal paths 39. 

10 Example 4 

Figures 10 through 13 illustrate a further preferred embodiment of the present invention. 
This embodiment is suitable for analysing a continuous flow of sample material, though 
may also be adapted to accept a sample ceil or phial. The embodiment is also suitable for 
analysing a wide range of samples, including milk, oils and lubricants, particle presence 
1 5 in gases, blood and biological fluids, etc. 

There is provided a body 50 comprising a central aperture through which a glass or silica 
tube 51 is maintained in place. At each end the sample tube 51 is connected to a sample 
flow line (52a, 52b by tubing). Housed within the body 50 are the emitters 54 and 
detectors 55. The arrangement of the emitters 54 (comprising IR emitting LED's) and the 
20 detector 55 (comprising a photo diode) are clearly seen in Figures 12 and 13. 

To improve stability of the apparatus, the body 50 is of a block of material normally 
having low to medium thermal conductivity and reasonable mass. High density plastics 
are a preferred choice. In addition a gap is provided between the sample tube 5 1 and 
body 50. as well as the circuit boards positioned at cither end of same, and the attached 
25 components so as to provide thermal isolation from the sample tube 51. 

The LED's are arranged in 3-dimensional array. This is perhaps at best seen by referring 
to Figures 12 and 13. In effect there arc four sets of emitting LED's (each associated 
with a detecting LED for feedback purposes - see below) which provide a plurality of 
different paths through the sample fluid for subsequent detection by the photo diode 
30 detector 55. Two LEDs (54) of each set are pulsed and a reading taken by the detector 55 
for that panicular set. If desired, each individual emitter LED, rather than pair, could 
also be pulsed individually so as to provide more data for subsequent analysis. 

It is also noted thai other arrangements of LED's may be relied upon. In a variation of 
this embodiment (not illustrated) there is provided a plurality of substantially planar 
35 arrays of LED's distributed in substantially the arrangement visible in Figure 1 3. Each 



wo 96/31764 PCT/SE96/00424 

pUnar set of LED's is coupled lo us deiccior 55. the readings being chher averaged for 
subsequent analysis, or providing separate data for subsequent analysis. 

In funhcr variations of this, and other, embodiments fibre optics may be used to channel 
light from an emitter to one or more points. This can reduce the number of emitters. 
5 associated circuitry, and possible problems from different stabilities. 

To further assist stability, a further LED 60 is provided for each emitter LED 54. These 
addiuonal LEDs 60 arc of the same type as the emitter LEDs 54 but are configured to act 
as detectors rather than emitters. These additional LEDs 60 arc coupled to the circuitry to 
alter the voltage and/or current to the emitter LEDs lo ensure that their output remains 
10 constant and unaffected by variables such as time, temperature etc. Other methods of 
utilising this optical feedback have been discussed previously and may be employed in 
variations of this embodiment, and other embodiments of the present invention. 

Further, a heater 61 may be thermally coupled to the body 50 to help maintain it at a 
constant temperature. In this instance it would be desirable that the body 50 did possess 

15 some thermal conductivity though a consideration is that it should not be so conductive 
that rapid changes in the sample are immediately transmitted to cause rapid fluctuations of 
temperature in the body 50. This could be addressed by providing a heating coil about 
the block of the body 50 or healing devices distributed throughout. Typically such 
heating devices 61 would be controlled by one or more temperature sensors 62. Cooling 

20 devices (Peltier effect devices being one likely choice) can also be provided for cooling. 
Typically the entire assemblage is then contained in an outer housing 63 which protects 
the internal components. Washers and O-rings 64 may be relied upon to seal the unit. 

The output from the detector 55 is then fed to external processing equipment. This may 
be converted to a digital form by an A/D converter, which could be included within the 
25 illustrated sensing device in Figures 12 through 14. This can then be analysed as 
previously discussed in previous examples and description of the specification. 

Example 4b 

The embodiment of Figures 10 through 13 will generally be inserted in a position in 
which it is able to monitor sample fluids. Before analysis can begin, a range of 
30 calibration data needs to be obtained for comparison and subsequent evaluation. 
Typically this is performed by obtaining a set of reference samples which are" analysed by 
the apparatus. The values from the detector would then be recorded and various 
mathematical transformations performed to allow detector values for unknown samples to 
be converted into an indication of particle content within that sample. 
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For ihc highest degree of accuracy there is some bcnefii in ensuring that the reference 
samples arc analysed in similar conditions to what a normal fluid sample would be. This 
will often mean similar physical characteristics, such as the same temperature, the same 
type of sample cell, and where possible the same flow rate. However it may be difficult 
5 lo generate this flow for a reference sample - in many embodiments the pulsed nature of 
the emitters will tend to grab substantially stationary snap shots of the sample which 
should compare favourably with the reference sample data for most applications of the 
present invention. 

In practice, each sensing device may be calibrated when it leaves the factory and a 
10 particular set of data prepared for subsequent evaluation by the evaluation means 
whenever that sensor is used. In addition* calibration may be routinely performed to 
compensate for any drift from factory settings, or changes in the conditions by which 
samples arc measured (if they differ from the conditions under which the original factory 
data was obtained). 

15 For a sample such as milk, it has been found that a variety of different constituents may 
be measured. For instance, fat content, protein content, somatic cell count, as well as 
lactose content can all be determined. Generally, for calibration, 50 samples arc obtained 
whose contents of each of the foregoing (or any other component that needs to be 
analysed), is known. Reference sample may be specifically made up, though the use of 

20 milk samples which have been previously analysed, can be used. The data from the 50 
samples is then collected and the correlation between the detector output values and the 
known contents of each component performed. In most cases a good correlation can be 
obtained, depending upon choosing the right method of correlation e.g. linear regression. 
Fourier transform (when appropriate) etc. 

25 The mathematical transformation required to convert a detector value into an indication of 
a particular particle constituent is then recorded for future use with this reference sample. 

Similar techniques would also be applied for other types of fluids. For substances such 
as lubricants, it would not normally be possible to differentiate between different types of 
metal particles present in the lubricant, though an indication of the metal content as 
30 opposed to something like carbon content would typically be possible. The presence of 
other contaminants which are not dissolved totally within the main lubricant phase (e.g. 
water) can often also be determined. 

Similarly, for many biological samples, there is a range of different substances 
suspended, or otherwise present in a non-dissolved form, within the fluid. Quite often 
35 different particles have different absorption and reflection paiicms, which can be 
distinguished by use of the present invention. 
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Figures 14 and 15 illustrate an alicrr^ativc embodiment of the present invention directed to 
use with phials. Analysis of blood products is one application. 

The embodiment comprises a body 50 having a central aperture in which a phial 70 can 
5 be inserted. A planar array of emitters 7 1 are provided though other arrangements (see 
previous examples for instance) may be adopted. 

Light signals are detected by detector 72 which is connected to the chosen 
evaluation/processing means. For convenience the device may be mounted on a ctrcu.t 
board 53 also supporting the other associated componentry. 

10 ]=;.;?^ni r'''- ^ - MoP'^"""g AnT>licaUQn 

Embodiments described thus far have focused primarily on embodiments providing a 
value indicative of panicle content. However many foreseeable applications of the 
present invention include uses as monitoring equipment to indicate only when pamcular 
components have exceeded a predetermined value. In this case the processing and 
15 evaluation equipment need not be so sophisticated. Typically the sensor wtll be 
calibrated by connection with normal processing equipment, and the particular 
characteristics of that sensor recorded onto appropriate media (e.g. an EPROM chip) to 
be included with the sensor. The sensor will also contain some processing equipment to 
detennine whether a detector response exceeds a level exceeding a predetermined value 
20 which is equivalent to some Umit. For instance, the device could be set to indicate when 
the water content in a lubricant exceed 0.5%. The device would be adjusted so that a 
monitoring portion would be triggered when the detector output exceeds a ieve 
equivalent to a 0.5% water level. At this point the monitoring circuit may switch or latch 
to a different sute to sound an appropriate alarm or cause some reacuon to the event. 
It should be appreciated that while digital evaluation is peri^aps the most effective method 
for allowing the various evaluation processes to occur, for a simple monitoring 
application where only a single comparison is being made as to whether a detector output 
exceeds a certain level or not. a simple analogue comparison circuit may also be 
sufficient This can help reduce the expense though it is envisaged that m most instances 
the unit will need to be calibrated and adjusted or hooked up to other equipment - which 
n.ay be the full processing and evaluation equipment such as previously described in 
other examples, or specialised equipment solely for the task or calibrating sensors for 
monitor applications. 
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pYnmple 4c - Flowrates 

Most embodiments of the present invention can be used with little or no hardware 
modification for determining flow rates. In a pulsed embodiment, where an emitter is 
pulsed, 'snapshots' of the sample are taken in rapid succession. If the interval of the 
5 snapshot is shon enough, one may (depending upon the uniformity of the sample) notice 
variations between the characteristics of each snapshot of the moving sample. These 
variations arc due to changes in concentration, presence of bubbles, particles and foreign 
matter etc. If a second (or third etc.) snapshot is taken downstream then comparison may 
be made by the processing portion/software to match the snapshots and thereby 
10 determine the time taken to travel between the two detection sites. As the distance of 
separation of the detection sites arc known, the velocity and hence flow rate of the fluid 
can be determined. 

Knowing the flow rate, whether it be determined in the above manner or by conventional 
flow measuring techniques, can allow further analysis of the sample to be performed. 
15 Determining the flow rate, and thereby establishing a time domain can be useful for 
analytical techniques such as Fourier Transform analysis. 

Rxample 5 - Variou s Other Changes and Improvements 

Modifications may be made to various embodiments. Within the infra-red range, certain 
substances absorb certain wavelengths by varying degrees. In addition, it is also likely 

20 that their reflectance will change. The sensitivity of the apparatus to panicular 
substances, some of which may be dissolved, can be improved by including the use of 
light sources which produce an output at a particular frequency with which a panicular 
substance interacts. Accordingly some of the LEDs or other light sources used may 
produce light of the wavelengths in this region of interaction. Where a highly sensitive, 

25 specific sensor is to be produced, virtually all the light sources may be of this type so as 
to increase the sensitivity and specificity of the sensor unit. However, for most 
embodiments it is generally envisaged that it may be useful to include several emitters 
producing different wavelengths. This allows one to attribute what is occurring because 
of an interaction at a panicular wavelength due to the constituent of interest, rather than 

30 from interactions from constituents not of interest in a sample. This aids analysis of 
different compounds in a single sample. 

Asp>ccis of the present invention have been described by way of example only and it 
should be appreciated that modifications and additions may be made thereto without 
departing from the scope thereof as defined in the appended claims. 
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THF TT.AIMS DEFINING THR INVENTION ARE: 

1 Apparatus for quantitaiivc panicle determination m fluids, said apparatus comprising: 

an emitter set comprising one or more light emitters in turn providing one or more 
sample light signals; 

a detector set comprising one or more light detectors sensitive to the output of the 
light emitters » 

the arrangement being characterised such that the sample light signals from a 
plurality of sample light signal paths between the emitter and detector sets are 
received by the detector set during analysis of a sample; 

the detector providing output values which can be evaluated by processing means 
for providing a value indicative of the fluid particle content. 

2 . Apparatus as claimed in claim 1 in which the detector set is arranged to detect at least one 
set of scattered or reflected light signals due to reflectance by panicles present within the 
fluid. 

3 Apparatus as claimed in either claim 1 in which includes optical feedback means 
comprising a feedback detector whose output provides for at least one of: 

influencing cither or both the voltage and current of at least one light emitter to 
maintain light output at a predetermined level; 

influencing the sensitivity of at least one light detector to match the light output of 
at least one light eniitter, and 

providing a signal available to processing means for use in correction when 
providing a value indicative of particle content. 

4 . Apparatus as claimed in claim 3 in which a feedback detector comprises a light emitter of 
substantially the same type and characteristics as the light emitter whose output it 
monitors. 

5. Apparatus as claimed in any one of claims 1 through 3 in which said sample light signal 
paths differ from each other by at least one of: 

their path length through the fluid sample being analysed, and 
their relative path angle through the fluid sample being analysed. 

6. Apparatus as claimed in any one of claims 1 through 3 in which one or more sample light 
signals are within the infrared region of the elecu-omagnetic spectrum. 
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7. Apparatus as claimed in claim 6 in which one or more sample light signals have a 
wavelength in the regions 750-1200nm or 3000-lOOOOnm. 

8. Apparatus as claimed in any one of claims 1 through 3 in which a light emitter comprises 
a light emitting diode (LED). 

9. Apparatus as claimed in any one of claims 1 through 3 in which a light detector 
comprises a photo diode, light emitting diode (LED), photo transistor, or other opto- 
electronic device. 

10. Apparatus as claimed in any one of claims 1 through 3 comprising an emitter set 
comprising a plurality of light emitters at different positions along the wall or walls of a 
sample cell, or p>ositioncd to be present along the wall or walls of an inserted sample cell; 

the output of said emitters directed to provide a plurality of substantially direct signal 
paths to one or more light detectors of the detector set. 

1 1 . Apparatus as claimed in claim 10 in which said emitters are arranged in a substantially 
radial manner about a substantially curved sample cell, or cell holder. 

12. Apparatus as claimed in claim 10 in which there is provided a plurality of groups of 
emitter set and detector set pairs, each group of emitter and detector sets functioning 
substantially independently of other groups, though the output of each detector set being 
considered by processing means for when providing a value indicative of particle 
presence within the sample fluid. 

^3 . Apparatus as claimed in any one of claims 1 through 3 in which the output of at least one 
light emitter is pulsed during analysis of a sample. 

14 . Apparatus as claimed in claim 12 comprising a plurality of pulsed light emitters, and in 
which the detector set, or an individual detector of the detector set, detects substantially 
the output of a single light emitter, or combination thereof, at a time during analysis of a 
sample; the pulsing of said light emitters being synchronised to allow the detection of the 
output of individual light emitters, or groups thereof, 

^5 . Apparatus as claimed in any one of claims 1 through 3 in which the output of at least one 
light emitter is varied in its output intensity during analysis of a sample. 

16. Apparatus as claimed in claim 14 in which the detector set, or an individual detector of 
the detector set, produces a signal available for evaluation by processing means at more 
than one output intensity of said light emilter(s). 
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17 . Apparatus as claimed in any one of claims 1 through 3 in which at least one dctccior of 
the detector set is positioned and operated to receive at least one signal during analysis of 
a sample which comprises purely reflected or scattered light, and no directly transmitted 
light, from one or more emitters of the emitter set. 

IB. Apparatus as claimed in any one of the preceding claims in which the output of the 
detector set is converted to a digital format. 

19. Apparatus as claimed in claim 17 in which data is prepared into packets which is 
available to processing means for evaluation in producing a value indicative of panicle 
presence within a sample fluid. 

20 . Apparatus as claimed within any one of the preceding claims which includes processing 
means for producing one or more values indicative of the presence of panicles within a 
sample fluid. 

21. Apparatus as claimed within claim 19 in which said processing means compares values 
produced by the detector set with stored calibration reference values, the comparison 
producing values indicative of the presence of one or more different types of panicles 
within a sample fluid. 

22 . Apparatus as claimed in claim 20 in which the stored values comprise calibration data 
relating to chosen standards. 

23 . Apparatus as claimed in claim 20 in which the comparison of data is based on either or 
both linear regression or Fourier transformations. 

24 . Apparatus as claimed in any one of claims 1 through 3 which includes, or is configured 
to include, a sample cell capable of allowing a continuous flow of sample therethrough. 

25 . A method for the quantitative determinaUon of particle presence in a fluid comprising the 
use of apparatus as claimed in any one of the preceding claims. 

26. A method for determining the flow rate of a fluid comprising the use of apparatus as 
claimed in any one of claims 1 through 23. 

27. A method for the quantitative determination of the levels of one or more different 
particles in a fluid comprising transmitting one or more light signals into a fluid sample, 
detecting the sample light signals from a plurality of sample light signal paths, and 
maldng the delected output available for subsequent evaluation by processing means. 



34 



wo 96/31764 PCT/SE96/00424 

2B . A method as claimed in claim 26 in which the detected light signals differ by at least one 
of the following: 

their path length through the fluid sample being analysed; 

their relative path angle through the fluid sample being analysed; 

the output intensity of the emitter producing said signal; 

the propoaion of transmitted to reflected or scattered light, and 

wavelength. 

29. A method as claimed in either claim 26 or claim 27 in which the delected output is 
compared by either or both or linear regression, and Fourier transform analysis, with 
stored calibration reference values to produce values indicative of the quantitative levels 
of one or more different types of particles within said fluid. 

30 . A method as claimed in either claim 26 or claim 27 in which light signals arc pulsed. 

31. A method as claimed in claim 29 in which the operation of different emitter(s) and 
delector(s) arc co-ordinated to allow the collection of light signals from different 
combinations thereof. 

32 . A method as claimed in either claim 26 or claim 27 in at least one light signal comprises 
light within the infrared portion of the electromagnetic spectrum. 

33 . A method as claimed in any one of claims 26 through 29 for the determination of panicle 
levels for at least one of: 

milk and other dairy based fluids; 

substances containing fluidised fat particles, globules, and suspensions; 

blood, plasma, semen, urine and other biological fluids; 

oils and lubricants, and 

inks, paints, and liquid pigments. 

34 . A method as claimed in claim 32 when applied to milk and other dairy based fluids, the 
method being used to indicate the levels of at least one of: fat, protein, lactose, and 
somatic cell count. 

35 . Apparatus as claimed in any one of claims 1 through 23 when connected to a milk line. 

36. Apparatus as claimed in any one of claims 1 through 23 when connected to an oil or 
lubricant line. 
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37. Apparatus for quantitative particle determination in fluids, substantially as described 
herein with reference to the accompanying drawings. 

38. A method for quantitative particle determination in fluids, substantially as described 
herein with reference to the contained examples. 
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